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submarine fans, an in-depth knowledge of all associ-
ated deep-water processes, concepts, and methodol-
ogies is imperative. The objective of this Glossary is an
attempt to provide that knowledge. General refer-
ences are Pettijohn and Potter (1964), Middleton
(1965), Friedman and Sanders (1978), Bates and
Jackson (1980), Shanmugam (2000, 2003, 2006a,
2008a, 2012a, 2013, 2015, 2016, 2017a), Steele et al.
(2008), and CIMAS (2011), among others.ddress: shanshanmugam@aol.com.
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Abyssal plain
The term abyssal plain refers to a ﬂat region of the
ocean ﬂoor, usually at the base of a continental rise,
where slope is less than 1:1000 (Heezen et al., 1959). It
represents the deepest and ﬂat part of the ocean ﬂoor
that occupies between 4000 and 6500 m in the U.S.
Atlantic Margin. A more general term “basin plain” is
commonly used in referring to ancient examples.
Examples of modern abyssal plains and their extent
are as follows (Weaver et al., 1987):ng).
d hosting by Elsevier B.V. on behalf of China University of Petroleum
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The Agulhas Current is the Western Boundary Cur-
rent that ﬂows down the east coast of Africa from 27S
to 40S. It retroﬂects (turns back) due to interactions
with the strong Antarctic Circumpolar Current. The
Agulhas Retroﬂection has been associated with
generating immense “rogue waves” that can overturn
even supertankers.
Ancient
The term refers to deep-marine systems that are
older than the Quaternary period, which began
approximately 1.8 Ma.Antarctic Bottom Water (AABW)
AABW originates in the northwest corner of the
Weddell Sea in the Antarctic region by the formation of
ice from surface freezing over the Antarctic conti-
nental shelves.
Avalanche
A large mass of snow, ice, soil, rock, or mixture of
these materials moving downslope rapidly under the
force of gravity. This term is not useful for interpreting
ancient processes because it is difﬁcult to quantify
velocity (rapid versus slow) of processes accurately in
the rock record.
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A sudden change in current direction whereby the
stream abandons its old channel course and adopts a
new one.
Back-analysis
The method of determining the conditions and
developing a suitable model of the slope from a failure
(Duncan and Wright, 2005).
Barotropic vs. Baroclinic
The term ‘barotropic’ refers to depth-independent
part of the ﬂow that is in balance with a sea surface
slope. In contrast, the term ‘baroclinic’ refers to
depth-dependent part of the ﬂow, which results from
density stratiﬁcation within the ﬂuid (Shanmugam,
2013).
Basal shear zone
The basal part of a rock unit that has been crushed
and brecciated by many subparallel fractures due to
shear strain.
Bathyal
Ocean ﬂoor that occupies depths between 200
(shelf edge) and 4000 m (656 and 13,120 ft). Note that
abyssal plains may occur at bathyal depths.
Bathymetry
The measurement of seaﬂoor depth and the
charting of seaﬂoor topography.
Bed
A sedimentary layer that is greater than 1 cm in
thickness (McKee and Weir, 1953).
Benguela current
Ocean current that ﬂows northward along the west
coast of Africa from Cape Point in the south to 16S.
These nutrient rich waters cause the Benguela
Upwelling.
Bolide
It refers to a bright ﬁreball-like meteor. The term
bolide is used synonymously with meteorite.Bottom currents
In deep-water environments, there are four types
of bottom currents, namely (1) thermohaline-induced
geostrophic bottom currents, (2) wind-driven bottom
currents, (3) deepwater tidal bottom currents, and (4)
internal waves and tides (baroclinic currents). These
bottom currents should not be confused with turbidity
currents. See Shanmugam (2008a).
Bottom-current reworking (BCR)
It refers to traction (bedload) processes associated
with deep-water bottom currents.
Boudin
Elongate, sausage-shaped segment of stretched
siltstone/sandstone fragments.
The Bouma Sequence
Refers to ﬁve divisions in a “turbidite” bed, namely
Ta, Tb, Tc, Td, and Te (Bouma, 1962). Despite its
popularity, this genetic facies model is fundamentally
ﬂawed (see Shanmugam, 2016).
Brecciated clasts
Angular mostly mudstone clasts in a rock due to
crushing or other deformation.
Brecciated zone
An interval that contains angular fragments caused
by crushing or breakage of the rock.
Channel (subaerial)
A depression of perceptible extent containing
continuously or periodically ﬂowing water. There is no
accepted deﬁnition of submarine channels.
Clastic sediment
Solid fragmental material (unconsolidated) that
originates from weathering and is transported and
deposited by air, water, ice, or other processes (e.g.,
mass movements).
Collapse breccia
Angular fragments formed by the collapse of sedi-
ment (usually above an injection).
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Sedimentary rocks that contain more than 30% of
gravel-sized (> 2 mm) grains (mostly subrounded)
(Folk, 1968).
Continental margin
The ocean ﬂoor that occupies between the shore-
line and the abyssal plain. It consists of shelf, slope,
and basin.
Continental rise
The seaﬂoor that occupies between continental
slope (~3000 m) and abyssal plain (~4000 m, U.S.
Atlantic margin).
Continental shelf
The seaﬂoor that occupies between the shoreline
and the shelf-slope break (~200 m).
Continental slope
The seaﬂoor that occupies between the shelf-slope
break (~200 m) and the slope-rise break (~3000 m, U.S.
Atlantic margin). Pratson and Haxby (1996) have dis-
cussed continental slopes around the U.S. and re-
ported the following average slopes:A. New Jersey-Maryland (NJ-MD): 2.5 (Passive-Clastic)
B. Florida (FL): 4.4 (Passive-Carbonate)
C. Louisiana (LA): 0.5 (Salt-Tectonized)
D. California (CA): 1.8 (Strike-Slip)
E. Oregon (OR): 2.0 (Convergent)Although the conventional deﬁnition has advocated
a 3e6 slope, with an average slope of 4, for conti-
nental slopes (Heezen et al., 1959), actual slopes are
much smaller (see above values). In general, slopes of
active margins (e.g., California and Oregon) are rela-
tively steeper than those of passive margins (e.g., New
Jersey). Intraslope basins are characterized by
erosional features, such as canyons and gullies. Gravity
tectonics involving salt and shale diapirism play a
major role in controlling size and shape of intraslope
basins (e.g., Louisiana).
Contorted bedding
Extremely disorganized, crumpled, convoluted,
twisted, or folded bedding. Synonym: chaotic bedding.Contourite
Deposits of thermohaline-driven geostrophic con-
tour currents in deep-water environments (Hollister,
1967).
Core
A cylindrical sample of a rock type extracted from
underground or seabed. It is obtained by drilling into
the subsurface with a hollow steel tube called a corer.
During the downward drilling and coring, the sample is
pushed upward into the tube. After coring, the rock-
ﬁlled tube is brought to the surface. In the labora-
tory, the core is slabbed perpendicular to bedding.
Finally, the slabbed ﬂat surface of the core is examined
for geological bedding contacts, sedimentary struc-
tures, grain-size variations, deformation, fossil con-
tent, etc. Gravity, box, piston, vibratory, percussion,
and conventional cores are commonly used. The Ocean
Drilling Program (ODP) uses core with a diameter of
6.8 cm.
Core description
Description of conventional core for the petroleum
industry involves some special techniques. Thus the
philosophy and methodology of core description are
reiterated here (see Shanmugam, 2006a).
1) Be accurate, be precise, and be consistent in
describing the rocks.
2) Make direct observations on the core (and on
the outcrop). Required information for inter-
preting ﬂuid rheology, ﬂow state, and
sediment-support mechanism can be obtained
only by examining the rocks directly for the
presence of intricate small-scale sedimentary
features. Extracting details from the rocks is a
tedious and time-consuming endeavor and
there are no short-cut approaches.
3) Use slabbed cores. Unslabbed cores are prone
to cause misleading observations.
4) Clean the core (and outcrop in some cases)
surface. Before describing cores that have been
in storage for a long period of time, scrape the
surface with a knife and expose the fresh rock
surface. Otherwise, surface chemical alter-
ation and fungus growth can mimic sedimentary
features. Weathered outcrops also need
cleaning to expose the fresh rock surface.
5) Wet the slabbed core surface. Wetting the core
surface with a sponge or washing the entire
core section tends to reveal subtle sedimentary
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consolidated sandstone intervals, not for un-
consolidated sands.
6) Be mindful of poor core recovery in unconsoli-
dated sand. Carefully determine missing core
intervals.
7) Calibrate core depth with log depth for each
cored section.
8) Be mindful of artiﬁcial core disturbance. Poor
handling of cores of semi-consolidated or un-
consolidated sediment may result in artiﬁcial
contortion of sediment layers. Failure to
recognize this problem would result in an
erroneous description and related misinter-
pretation. This problem can be remedied by
comparing the core with core photograph taken
immediately after slabbing.
9) Begin description at the stratigraphic bottom
(oldest) and move upward to the top
(youngest).
10) Describe the core (and outcrop) at a scale of
1:20 or in greater detail. Details are the un-
derpinning of process sedimentology. Detailed
megascopic and microscopic examinations of
both the resinated 1/3 slabs and unresinated 2/
3 cuts of cores should be carried out to insure
complete coverage.
11) Maintain an objective distinction between
observation and interpretation.
12) Avoid using facies models during description.
The purpose of describing sedimentary rocks is
to seek the truth about their depositional
origin, not to validate an existing facies model
(e.g., the Bouma Sequence).
13) Plot details on sedimentological logs during
description. Avoid the method of describing the
rocks in the ﬁeld using a ﬁeld notebook and
then transferring details onto sedimentological
logs later in the ofﬁce.
14) Identify depositional contacts. Establish bot-
tom and top contacts of each depositional unit.
15) Use expanded grain-size scale on sedimentolog-
ical logs. Expanded scale allows sandy intervals
to be accentuated (protruded) in comparison
to muddy intervals. Expanded scale is vital
during calibration of wireline logs with sedi-
mentological logs. Use Wentworth-size classes
on the abscissa using either millimeter or phi
scale (see Folk, 1968). Standard class divi-
sions are: mud (< 0.0625 mm), very ﬁne sand
(0.0625e0.125mm),ﬁne sand (0.125e0.25mm),
medium sand (0.25e0.50 mm), coarse sand
(0.50e1.0 mm), very coarse sand (1.0e2.0 mm),and gravel (> 2.0 mm). If necessary, gravel grade
canbe further subdivided intogranule (2e4mm),
pebble (4e64 mm), cobble (64e256 mm), and
boulder (256 mm). Standard practice is to plot
average grain size with additional remarks on
maximum grain size.
16) Document grain-size scale as part of graphic
lithologic columns. Graphic lithologic column
and grain-size column should be combined and
documented as a single column. In other words,
grain-size scale should be the abscissa for litho-
logic columns. A separate column for grain-size
plot, independent of lithologic column, is inef-
ﬁcient for communicating nature of grading. For
example, ODP (Ocean Drilling Program) Leg 180
Initial Reports published a separate grain-size
column for Site 1108 (Taylor et al., 2000). For
Section 6 of Site 1108, the description reads,
‘Section has normally-graded and inversely-
graded beds.’ However, it is not obvious from
the graphic column the nature of grading trends.
In contrast, a graphic lithologic column com-
bined with expanded grain-size scale shows not
only the nature of graded beds but also the exact
position of graded bed contacts.
17) Record primary (i.e., depositional) sedimen-
tary structures. Be familiar with basic sedi-
mentary structures and their origin (e.g., Allen,
1984; Collinson, 1994). In addition to deposi-
tional structures, record post-depositional
features, such as sand injections.
18) Record position and fabric of outsize grains,
dense grains, and mudstone clasts.
19) Identify reservoir facies in cores: This involves
integration of basic reservoir lithologies (e.g.,
usually gravel and sand), measured reservoir
properties (e.g., porosity and permeability),
and wireline-log properties for a given cored
interval. This also requires visual estimation of
sand percent for a given. Because each reser-
voir facies is linked to its depositional envi-
ronment, one can understand its three-
dimensional geometry and connectivity. Pay
special attention to grain size and sorting
because texture inﬂuences porosity and
permeability (Beard and Weyl, 1973). While
describing cores, record changes in framework
composition, cement, matrix, oil shows
(Swanson, 1981), and porosity types
(Shanmugam, 1985). During core description,
make sure that a petrographic microscope, thin
sections of cored intervals, UV light source, and
measured core porosity and permeability data
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establishing reservoir facies.
20) Document sedimentary features with sketches
and photographs. If a feature is unfamiliar or
too complex to classify, sketch it in detail and
describe it objectively. Photographs of core and
outcrop are the permanent record because
core and outcrop are liable to undergo deteri-
oration with time.
21) Use appropriate timing for core photography.
The timing of core photography is critical.
Ideally, cores should be photographed immedi-
ately after they are slabbed and cleaned. Cores
must be clearly marked with core depths. After
photography is completed, cores should be pre-
served with solvent coating resin (e.g., mixture
of acetone and resin) for long-term storage.
22) The importance of natural sunlight in core
photography. One of the basic requirements of
process sedimentology is the documentation of
sedimentary features using close-up photo-
graphs. The reason is that the closer the
observation the clearer the evidence for un-
derstanding the mechanics of sediment
emplacement. In providing the clarity of image
and documenting the intricacy of details,
almost all core photographs included in this
book were taken under natural sunlight with a
professional scale (5 or 15 cm). In taking
perspective photographs of long cored intervals
under natural sunlight, forklifts were used in
some cases.
23) Use a professional scale. Use of coins, lens
caps, hammers, tooth brushes, hats, and
human beings as scale in photographs can be
confusing for documenting small-scale
features.
24) Use X-radiography for massive sand intervals.
This technique may be helpful for resolving
subtle amalgamation surfaces, internal con-
torted layering, and buried clasts. Images logs
(e. g., Formation MicroImager (FMI)) may also
be useful.
25) Quantify geological data (Grifﬁths, 1960; Sorby,
1908). Quantiﬁcation is vital for demonstrating
the relative importance of depositional pro-
cesses through time.
Core Interpretation
1) Interpret each bed in terms of the physics of
the ﬂow. Only through bed-by-bed interpreta-
tion, an accurate quantiﬁcation of facies can be
made.2) Apply James Hutton's (1788) principle of Uni-
formitarianism. Emphasize modern analogs for
interpreting ancient systems.
3) Apply Johannes Walther's (1894) Law (i.e.,
vertical disposition of depositional facies,
without erosional breaks, represents their
lateral disposition of depositional environ-
ments) with restraints. This is because of
frequent occurrences of internal erosional
events and glide planes in mass movements.
4) Apply experimental results for interpreting
processes (Allen, 1985).
5) Discern and discriminate published process in-
terpretations. Carefully evaluate each publi-
cation in terms of its data for sufﬁciency,
relevancy, and credibility. Avoid publications
that promote model-driven process
interpretations.
6) Curb any compromising of process in-
terpretations for the sake of consensus.
7) Avoid using triggering mechanisms for classi-
fying depositional processes.
8) Avoid using seismic geometry for interpreting
depositional processes of ancient systems.
9) Avoid using wireline-log motifs for interpreting
depositional processes.
10) Avoid using geometry of deep-water sandbodies
as evidence for interpreting depositional pro-
cesses. For example, one may infer sheet-like
sandbodies by correlating wireline-log motifs,
and then argue that these inferred sheet sands
are evidence for turbidite lobes. Sand geome-
tries may be inferred from processes, but not
vice versa.
11) Interpret processes in a regional geologic
context.
12) Reconstruct depositional environments based
on process sedimentology.
13) Infer sand distribution, sandbody geometry,
and reservoir quality based on process
sedimentology.
Crenulated margin
An irregularly wavy or serrated margin associated
with injectites.
Debris ﬂow
A debris ﬂow is a sediment ﬂow with plastic
rheology and laminar state from which deposition oc-
curs through “freezing” en masse. The terms debris
ﬂow and mass ﬂow are used interchangeably because
each exhibits plastic ﬂow behavior with shear stress
264 G. Shanmugamdistributed throughout the mass (Nardin et al., 1979).
In debris ﬂows, inter-granular movements predomi-
nate over shear-surface movements. Although most
debris ﬂows move as incoherent material, some plastic
ﬂows may be transitional in behavior between
coherent mass movements and incoherent sediment
ﬂows. The term debrite refers to the deposit of a
debris ﬂow. Sandy debrites must have particle or grain
(>0.06 mm) concentration value of 20% and above by
volume.
Deep-lacustrine environments
Deep-lacustrine environments are similar to deep-
marine environments in terms of gravity-driven
downslope processes and bottom currents. Deep and
large lakes of the world were discussed by Herdendorf
(1990). Some large lakes are remarkably deep with a
maximum depth of 1637 m. Lake Baikal is located in
the central part of the tectonically active Baikal Rift
Zone in South-Central Siberia. This lake, the world's
deepest (1637 m), is 636 km long and 79 km wide. This
voluminous lake (23,000 km3) contains approximately
20% of the world-wide reserve of fresh water (salinity
0.76%) (Galaziy, 1993).
Deep-marine sediments
The term “deep marine” refers to bathyal sedi-
mentary environments occurring in water deeper than
200 m (656 ft), seaward of the continental shelf break,
on the continental slope and the basin. The conti-
nental rise, which represents that part of the conti-
nental margin between continental slope and abyssal
plain, is included under the broad term “basin.” On the
slope and basin environments, sediment-gravity pro-
cesses (slides, slumps, debris ﬂows, and turbidity
currents) and bottom currents are the dominant
depositional mechanisms, although pelagic and hemi-
pelagic deposition is also important.Deep water
The term ‘deep-water’ refers to bathyal water
depths (>200 m) that occur seaward of the continental
shelf break on the slope and basin settings. I prefer the
general term ‘deep water’ in order to include both
marine and lacustrine environments. In the petroleum
industry, the term deep-water is used with two
different meanings. First, geologists use the term to
denote deep-water depositional origin of the reservoir,
even if the drilling for this reservoir commences from
shallow-water shelf. Second, drilling engineers use the
term to denote deep-water drilling depths, even if thetarget reservoir is of shallow-water origin
(Shanmugam, 2000).
Deep-water systems
Customarily, most deep-water systems are loosely
referred to submarine fans and turbidite systems
(Bouma et al., 1985) despite whether they are fan-
shaped in morphology or not, and whether they are
turbidites in origin or not.
Depositional facies
Refers to a lithofacies indicative of a speciﬁc depo-
sitional process (e.g., debrite for deposits of debris
ﬂows; turbidites for deposits of turbidity currents).
Depositional lobes
They are also known as submarine fan lobes. These
lobes are characterized by upward-thickening sand-
stone turbidite beds (Mutti, 1977).
Dish structures
Concave-up (like a dish) structures caused by
upward-escaping water in the sediment.
Double mud layers (DML)
Paired occurrence of mud layers. This is unique to
tidal settings. Visser (1980) originally explained the
origin of doublemud layers by alternating ebb and ﬂood
tidal currentswith extreme time-velocity asymmetry in
shallow-water subtidal settings. This feature also oc-
curs in deep-water settings (Shanmugam, 2003).
Downwelling
In certain parts of the world's oceans where Ekman
transport moves nutrient-poor surface waters toward
the coast, the dense water piles up and sinks. This
explanation is applicable to the Northern Hemisphere.
Drained condition
A condition under which water is able to ﬂow into or
out of soil in the length of time that the soil is subjected
to some change in load (Duncan and Wright, 2005).
Duplex-like structures
They are also known as sigmoidal deformation
structures. The duplex-like structure is a special kind
of deformation feature and has been attributed to a
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opposed to the conventional tectonic origin. See entry
“Soft-sediment deformation structures (SSDS)” for
other synsedmentary structures.
Ebb tidal current
Seaward-moving tidal current (fall in the height of
a tide).
Ekman Spiral
The Ekman Spiral describes how the horizontal
wind sets surface waters in motion. The net transport
of water through the entire wind-driven column
(Ekman transport) is 90 to the right of the wind in the
Northern Hemisphere.
ETOPO1
It is a 1 arc-minute (1/60 of one degree; 1 nautical
mile = 1852 km) global relief model of Earth's surface
that integrates land topography and ocean bathyme-
try. This dataset is a higher resolution version of
ETOPO2, which is a 2 arc-minute global relief model of
Earth's surface. An arc-minute is 1/60 of a degree.
Scientists use high resolution maps like ETOPO1 to
improve accuracy in tsunami forecasting, modeling,
and warnings, and also to enhance ocean circulation
modeling and Earth visualization.
Fjord
A long narrow winding inlet of the sea. Commonly
U-shaped, steep-walled, and deep, fjords represent
the seaward end of a deeply excavated glacial valley.
Glaciated coasts of Alaska, Greenland, and Norway are
known for fjords. Mass-transport processes are com-
mon in deep fjords (Solheim, 2006).
Flame structure
Flame-shaped plumes of mud that have been
squeezed upward into an overlying (sand) layer. It is
commonly formed by loading and related drag.
Floating mudstone clasts
Occurrence of mudstone clasts at some distance
above the basal bedding contact of a rock unit.
Flood tidal current
Landward-moving tidal current (rise in the height
of a tide).Flow
Continuous, irreversible deformation of sed-
imentewater mixture that occurs in response to
applied stress.
Fluid
A material that ﬂows.
Fluid dynamics
A branch of ﬂuid mechanics that deals with the
study of ﬂuids (liquids and gases) in motion.
Fluid mechanics
Study of the properties and behaviors of ﬂuids.
Genetic nomenclature
The tradition of genetic nomenclature in sedi-
mentary geology began with the introduction of the
term “turbidite” for a deposit of a turbidity current in
deepwater environments (Kuenen, 1957). However,
the genetic terms have been misused in cases like
“tsunamites” (Shanmugam, 2006b).
Geohazards
Natural disasters (hazards), such as earthquakes,
landslides, tsunamis, tropical cyclones, rogue (freak)
waves, ﬂoods, volcanic events, sea level rise, karst-
related subsidence (sink holes), geomagnetic storms;
coastal upwelling; deep-ocean currents, etc.
Glide plane
A slip surface along which major displacement oc-
curs, causing mass-transport deposits (MTD).
Gravity-driven downslope processes
Continental margins provide an ideal setting for
slope failure, which is the collapse of slope sediment.
Following a failure, the failed sediment moves down-
slope under the pull of gravity. Such gravity-driven
processes exhibit extreme variability in mechanics of
sediment transport. Ground-truth evidence based on
the rocks.
HARP
In the modern Amazon Fan, channel bifurcation
through avulsion is thought to lead initially to
266 G. Shanmugamdeposition of nonchannelized sandy turbidity currents
in the interchannel area. Subsequent progradation of
channels and levees over these sandy deposits has
produced a sheet-like geometry at the base of the new
channel-levee system. This sheet-like geometry is
called High-Amplitude Reﬂection Packets (HARPs) on
seismic data (Flood et al., 1991).
Hemipelagite
The term hemipelagite refers to deposits of hem-
ipelagic settling of deep-sea mud in which more than
25% of the fraction coarser than 5 microns is of
terrigenous, volcanogenic, and/or neritic origin.
Heterolithic facies
Thinly interbedded (millimeter- to decimeter-
scale) sandstones and mudstones.
High-density turbidity currents (HDTC)
HDTC is a euphemism for sandy debris ﬂows
(Shanmugam, 1996).
Hjulstr€om Diagram
Showing the critical current velocity required to
erode and transport quartz grains on a plane bed. The
diagram modiﬁed after Sundborg (1956).
Hydrodynamics
A branch of ﬂuid dynamics that deals with the study
of liquids in motion.
Hydroplaning
Mohrig et al. (1998) ﬁrst reported hydroplaning in
experimental debris ﬂows. They stated that “We
report laboratory experiments that demonstrate that
the fronts of subaqueous debris ﬂows can hydroplane
on thin layers of water. The hydroplaning dramati-
cally reduces the bed drag, thus increasing head ve-
locity. These high velocities promote sediment
suspension and turbidity-current formation. Hydro-
planing causes the fronts of debris ﬂows to accelerate
away from their bodies to the point of completely
detaching from the bodies, producing surging. …The
presence of a basal lubricating layer of water un-
derneath hydroplaning debris ﬂows and slides offers
a possible explanation for the long run-out distances
of many subaqueous ﬂows and slides on very low
slopes.”Hyperpycnal ﬂows
In advocating a rational theory for delta formation,
based on the concepts of Forel (1892), Bates (1953)
suggested three major ﬂow types: (1) hypopycnal-
ﬂow for ﬂoating river water that has lower density
than basin water (2) homopycnal ﬂow for mixing river
water that has equal density as basin water; and (3)
hyperpycnal ﬂow for sinking river water that has
higher density than basin water.
Internal tides
Internal waves that correspond to periods of tides
are called internal tides.
Internal waves
Internal waves are gravity waves that oscillate along
the interface between two water layers of different
densities (i.e., pycnocline). Gill (1982) illustrated that
ﬂuidparcels in theentirewater columnmove together in
the same direction and with same velocity in a baro-
tropic (surface) wave, whereas ﬂuid parcels in shallow
and deep layers of the water column move in opposite
directions and with different velocities in a baroclinic
(internal) wave (Shanmugam, 2013).
Inverse grading
Upward increase in average grain size from the
basal contact to the upper contact within a single
depositional unit.
Laminar ﬂow
Regular motion of ﬂuid in parallel layers, without
macroscopic mixing across the layers (Allen, 1970).
Reynolds Number for laminar ﬂow is less than 500.
Debris ﬂows are commonly laminar in state. See Rey-
nolds Number.
Lamination
A sedimentary layer that is smaller than 1 cm in
thickness (McKee and Weir, 1953).
Landslide
The term “landslide” is meaningful when applied
solely to cases in which a sliding motion can be
empirically determined. Otherwise, a general term
MTD (mass-transport deposits) is appropriate. See
Shanmugam (2015).
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Interbedded mud and ripple-cross laminated sand
in which the sand ripples are discontinuous (Reineck
and Wunderlich, 1968). This bedding is common in
tidal settings.
Levee
An embankment or sediment bordering one or both
sides of a channel.
Liquefaction
Allen (1984) used a general process term liquid-
ization to describe mechanisms involving a change of
state from solid-like to liquid-like (i.e., ‘quick’) in
cohesionless grain mass. The two mechanisms of liq-
uidization are liquefaction and ﬂuidization. Liquefac-
tion is a phenomenon associated with earthquakes in
which water-saturated sands behave like ﬂuids. As
seismic waves pass through water-saturated sands,
void spaces (pores) between sand particles collapse,
causing sediment deformation and ground failure. It
occurs as a consequence of increased pore-ﬂuid pres-
sure. Liquefaction involves neither inﬂux of external
ﬂuids into the grain mass nor volume change.
Lithofacies
A rock unit that is distinguished from adjacent rock
units based on its lithologic (i.e., physical, chemical,
and biological) properties (see Rock).
Lobe
A rounded, protruded, wide frontal part of a de-
posit in map view.
Lowstand Systems Tract
It is the set of depositional systems active during
the time of relatively low sea level following the for-
mation of the sequence boundary. It is characterized
by a basin-ﬂoor submarine fan and a slope fan (Vail
et al., 1991). This concept, which relies on seismic
geometries, has been critiqued using core data
(Shanmugam et al., 1995).
Mass transport
Mass transport represents the failure, dislodge-
ment, and downslope movement of sediment under
the inﬂuence of gravity. Continental margins provide
an ideal setting for slope failure, which is the collapseof slope sediment from the shelf edge. Following a
failure, the failed sediment moves downslope under
the pull of gravity when the shear stress exceeds the
shear strength. Three principal mass-transport mech-
anisms are slides, slumps, and debris ﬂows (Dott,
1963). Turbidity currents are not mass-transport
processes.
Massive sands
Deep-water massive sands are very thick (> 1 m)
units that are devoid of primary sedimentary struc-
tures (Stow and Johansson, 2000).
Meandering channel
Meandering channel refers to a single channel
whose sinuosity is greater than 1.5. In contrast to
braided rivers, rivers that transport large volumes of
suspended load (i.e., mud and ﬁne sand) tend to be
highly sinuous single-channel (i.e., undivided) type.
Such single sinuous channels are associated with
cohesive, stable, muddy banks. Because of their low
channel slope, low stream power, and stable muddy
banks, sinuous rivers preserve large amounts of mud.
For these reasons, sinuous channels are also prone to
develop levees and crevasse splays in proximal over-
bank areas. Researchers erroneously compare the
origin of deep-water sinuous channels to the origin of
ﬂuvial channels.
Meteoroid
The term refers to debris in the solar system.
Meteorite
It is an extraterrestrial body (e.g., meteoroid) that
survives impact with the Earth's surface.Methodology for recognizing deep-water facies
Four methods are in use for recognizing slides,
slumps, debris ﬂows, and turbidity currents and their
deposits. Method 1: Direct observations e Deep-sea
diving by a diver allows direct observations of subma-
rine mass movements. The technique has limitations in
terms of diving depth and diving time. These con-
straints can be overcome by using a remotely operated
deep submergence vehicle, which would allow obser-
vations at greater depths and for longer time. Both
remotely operated vehicles (ROVs) and manned sub-
mersibles are used for underwater photographic and
video documentation of submarine processes.
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dard practice has been to calculate velocity of cata-
strophic submarine events based on the timing of
submarine cable breaks. The best example of this
method is the 1929 Grand Banks earthquake (Canada)
and related cable breaks. This method is not useful for
recognizing individual type of mass movement (e.g.,
slide vs. slump).
Method 3: Remote sensing technology e In the
1950s, conventional echo sounding was used to
construct seaﬂoor proﬁles. This was done by emitting
sound pulses from a ship and by recording return
echoes from the sea bottom. Today, several types of
seismic proﬁling techniques are available depending
on the desired degree of resolutions. Although pop-
ular in the petroleum industry and academia, seismic
proﬁles cannot generally resolve subtle sedimento-
logical features (e.g., cm-thick normal grading) that
are required to distinguish turbidites from debrites.
In the1970s, the most signiﬁcant progress in mapping
the seaﬂoor was made by adopting multibeam side-
scan sonar survey. The Sea MARC 1 (Seaﬂoor Map-
ping and Remote Characterization) system uses up to
5-km-broad swath of the seaﬂoor. The GLORIA
(Geological Long Range Inclined Asdic) system uses
up to 45-km-broad swath of the seaﬂoor. The
advantage of GLORIA is that it can map an area of
27,700 km2 day−1. In the 1990s, multibeam mapping
systems were adopted to map the seaﬂoor. This sys-
tem utilizes hull-mounted sonar arrays that collect
bathymetric soundings. The ship's position is deter-
mined by Global Positioning System (GPS). Because
the transducer arrays are hull mounted rather than
towed in a vehicle behind the ship, the data are
gathered with navigational accuracy of about 1 m
and depth resolution of 50 cm. Two of the types of
data collected are bathymetry (seaﬂoor depth) and
backscatter (data that can provide insight into the
geologic makeup of the seaﬂoor). The US National
Geophysical Data Center (NGDC) maintains a website
of bathymetric images of continental margins.
Although morphological features seen on bathy-
metric images are useful for recognizing mass
transport as a general mechanism, these images may
not be useful for distinguishing slides from slumps.
Such a distinction requires direct examination of the
rock in detail.
Method 4: Examination of the rock e Direct ex-
amination of core and outcrop is the most reliable
method for recognizing individual deposits of slide,
slump, debris ﬂow, and turbidity current. This method
known as process sedimentology, is the foundation for
reconstructing ancient depositional environments and
for understanding sandstone petroleum reservoirs.Modern deep-marine system
The term “modern” refers to present-day deep-
marine systems that are still active or that have been
active since the Quaternary period that began
approximately 1.8 Ma.
Mud offshoot
Refers to mud drapes on ripples.
Newtonian rheology
Fluids with no inherent strength. These ﬂuids, like
water, will begin to deform the moment shear stress is
applied, and the deformation is linear.
Nonuniform ﬂow
Spatial changes in velocity at a moment in time.
Normal grading
Upward decrease in average grain size from the
basal contact to the upper contact within a single
depositional unit composed of a single rock type. It
should not contain any ﬂoating mudstone clasts or
outsized quartz granules. In turbidity currents, waning
ﬂows deposit successively ﬁner and ﬁner sediment,
resulting in a normal grading (see waning ﬂows).
Outcrop
A natural exposure of the bedrock without soil
capping (e.g., along river-cut subaerial canyon walls or
submarine canyon walls) or an artiﬁcial exposure of
the bedrock due to excavation for roads, tunnels, or
quarries.
Pillar
Vertical ‘pillar-like’ injection of material.
Planar clast fabric
Alignment of long axis of clasts parallel to bedding
(i.e., horizontal). This fabric implies laminar ﬂow at
the time of deposition.
Plastic rheology
Some naturally occurring materials with strength
will not deform until yield stress has been exceeded;
once the yield stress is exceeded the deformation is
linear. Such materials with strength are considered to
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plastic rheologic model for debris ﬂows.
Point bar
One of a series of low, arcuate sand and gravel
ridges formed on the inside of a growing meander by
the gradual accretions in rivers. Point bars are also
known as meander bars. Such features are not common
in deep-water sinuous channels.
Primary basal glide plane (or decollement)
The basal slip surface along which major displace-
ment occurs.
Process sedimentology
Process sedimentology (aptly “depositional process
sedimentology”), a subdiscipline of physical sedimen-
tology, is concerned with the detailed bed-by-bed
description of siliciclastic sedimentary rocks for
establishing the link between the deposit and the
physics of the depositional process. It is the foundation
for reconstructing ancient depositional environments
and for understanding sandstone reservoir potential.
Sanders (1963) published the pioneering paper on
process sedimementology entitled ‘Concepts of ﬂuid
mechanics provided by primary sedimentary struc-
tures’. It is concerned with the detailed bed-by-bed
description of siliciclastic (and calciclastic) sedimen-
tary rocks for establishing the link between the deposit
and the physics and hydrodynamics of the depositional
process (see Shanmugam, 2006a, Chapter 1). Basic
requirements, principles, and methods of this disci-
pline are (1) a combined knowledge of physics, soil
mechanics, and ﬂuid mechanics (Brush, 1965; Sanders,
1963), (2) the application of uniformitarianism, (3) the
objective description of the rock, (4) the preservation
of absolute distinction between description and
interpretation, (5) the documentation of excruciating
details in sedimentological logs, (6) the interpretation
of processes using sedimentary structures, (7) the
mandatory consideration of alternative process in-
terpretations, (8) the total exclusion of facies models,
(9) the quantiﬁcation of depositional facies, and (10)
the routine use of common sense. See entries “Core
description” and “Core interpretation”.
Projected clasts
Upward projection of mudstone clasts above the
bedding surface of host rock (e.g., sand). This featureimplies freezing from a laminar ﬂow at the time of
deposition.
Random clast fabric
Chaotic alignment of clasts with respect to bedding
surface.
Resedimented facies
Deposits of processes that erode, transport, and
deposit previously emplaced material. Both sandy
mass-transport deposits (SMTD) and bottom-current
reworked sands (BCRS) are resedimented facies. The
difference is that the term “mass transport” refers
strictly to downslope processes under the pull of
gravity, whereas bottom currents are more complex in
their origin (Shanmugam, 2008a). Gravity-driven
downslope processes are totally unrelated to the
origin of bottom currents.
Reynolds Number
It is named after Osborne Reynolds (1842e1912),
who proposed it in 1883. This is the most important
dimensionless number in ﬂuid dynamics. The Reynolds
number (Re) is the ratio of inertial forces to viscous
forces and is used for determining whether a ﬂow is
laminar (Re < 500) or turbulent (Re > 2000).
Rheology
Relationship between applied shear stress and rate
of shear strain in ﬂuids.
Rhythmite
The term was introduced by Bramlette (1946). It is
used for rhythmic occurrence of sedimentation units.
It does not imply any genetic connotation. It also does
not imply any limit on bed thickness or complexity.RMS Amplitudes
RMS (Root Mean Square) amplitude attribute is
used commonly in the petroleum industry for dis-
tinguishing and delineating areas which are sensitive
to the sand deposition. RMS amplitudes, calculated for
a deﬁned stratigraphic window, may reveal the inter-
nal architecture of that window. Within a stratigraphic
window, process of calculation of RMS amplitude is a
combination of three steps: 1. Squaring of all the
amplitude values (thus making all the values positive).
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values. 3. Obtaining the square root of that number.
RMS maps may be made between two adjacent seismic
horizons (i.e., slices) or along a single seismic horizon,
thicknesses of which depend upon the thickness and
nature of the whole interval for which the slices are
made (e.g., Shanmugam et al., 2009).
Rock
The term is used for (1) an aggregate of one or
more minerals (e.g., sandstone); (2) a body of undif-
ferentiated mineral matter (e.g., obsidian); and (3)
solid organic matter (e.g., coal).
Sand boil
Sand boils (i.e., sand volcanoes or sand blow outs)
are a common sign of liquefaction. Sand boils form
when sand with high water content is blown upward to
the surface from below via fractures due to increases
in pore pressure. They are common products of
seismicity-induced liquefaction.
Sand injections
Sand injections are both depositional and post-
depositional in origin. Concordant, commonly horizon-
tal, clastic injections are called ‘sedimentary sills.’
Discordant, vertical to inclined, injections are called
‘sedimentary dikes’ (also spelled ‘dykes’). Sand is
commonly injected into a host mud, but mud injections
into host sand and sand injection into host sand has also
been observed. The term injectite for injection features
is used (see Hurst and Cartwright, 2007).
Sandy debris ﬂow
Sandy debris ﬂow represents an intermediate stage
between grain ﬂow and cohesive debris ﬂow. The
concept of sandy debris ﬂows was ﬁrst introduced by
Hampton (1972). Sandy debris ﬂows are deﬁned here on
the basis of (1) plastic rheology; (2) multiple sediment-
support mechanisms (cohesive strength, frictional
strength, hindered settling, and buoyancy); (3) mass-
transport mode; (4) more than 25%e30% sand and
gravel; (5) 25%e95% sediment (gravel, sand, and mud)
concentration by volume; and (6) variable clay content
(as low as 0.5% by weight) (Shanmugam, 1996, 2000).
Scarp
A relatively straight, cliff-like face or slope of
considerable linear extent, breaking the continuity ofthe land by failure or faulting. Scarp is an abbreviated
form of the term escarpment.
Sea surface temperature (SST)
SST is the water temperature close to the sea sur-
face. Warm sea surface temperatures are an important
factor in generating tropical cyclones over the world's
oceans. Ocean currents and the global thermohaline
circulation affect average SST.
Secondary glide plane
Internal slip surface within the rock unit along
which minor displacement occurs.
Sediment concentration
Sediment concentration is the most important
property in controlling ﬂuid rheology. Classiﬁcation
of gravity-driven sediment ﬂows into Newtonian
and plastic types is based on ﬂuid rheology.
Turbidity currents are Newtonian ﬂows, whereas all
mass ﬂows (muddy debris ﬂows, sandy debris ﬂows,
and grain ﬂows) are plastic ﬂows. Turbidity currents
occur only as subaqueous ﬂows, whereas debris
ﬂows and grain ﬂows can occur both as subaerial
and as subaqueous ﬂows. High-density turbidity
currents are not meaningful in this rheological
classiﬁcation because their sediment concentration
values represent both Newtonian and plastic ﬂows
(see Shanmugam, 1996).
Sediment deformation
It refers to a change in the bulk shape of the
aggregate of sediment (Maltman, 1994). It is con-
cerned with deformation early in the burial history.
Physical processes involved are (Collinson, 1994): (1)
partial loss of strength and density inversion (e.g.,
ﬂame structures); (2) progressive loading of cohesive
sediment (e.g., mud diapirs); (3) partial loss of
strength and applied shear (e.g., slump folds), (4)
liquefaction-induced upward escape of pore water
(e.g., dish and pillar structures) and sediment-water
mixture (e.g., sand boil and sediment injection), (5)
synsedimentary faults (e.g., extensional and
contractional types), (6) sediment shrinkage (e.g.,
subaerial desiccation cracks and subaqueous synae-
resis cracks), (7) sediment wetting (e.g., buckling on
steep slopes of eolian dunes), and (8) compaction
(e.g., reduction in the inclination of dipping sur-
faces. See entry “Soft-sediment deformation struc-
tures” (SSDS).
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They represent sediment-gravity ﬂows (Middleton
and Hampton, 1973). They are classiﬁed into four
types based on sediment-support mechanisms: (1)
turbidity current with turbulence; (2) ﬂuidized
sediment ﬂow with upward moving intergranular
ﬂow; (3) grain ﬂow with grain interaction (i.e.,
dispersive pressure); and (4) debris ﬂow with matrix
strength (Middleton and Hampton, 1973). Although
all turbidity currents are turbulent in state, not all
turbulent ﬂows are turbidity currents. For example,
subaerial river currents are turbulent, but they are
not turbidity currents. River currents are ﬂuid-
gravity ﬂows in which ﬂuid is directly driven by
gravity. In sediment-gravity ﬂows, however, the
interstitial ﬂuid is driven by the grains moving down
slope under the inﬂuence of gravity. Thus turbidity
currents cannot operate without their entrained
sediment, whereas river currents can do so. River
currents are subaerial ﬂows, whereas turbidity cur-
rents are subaqueous ﬂows.
Sediment ﬂux
This term is used in two ways: (1) A ﬂowing sed-
imentewater mixture; (2) Transfer of sediment.
Sedimentology
Scientiﬁc study of sediments (unconsolidated) and
sedimentary rocks (consolidated) in terms of their
description, classiﬁcation, origin, and diagenesis. It is
concerned with physical, chemical, and biological
processes and products. This article deals with phys-
ical sedimentology and its branch, process
sedimentology.
Seismic attributes
A seismic attribute is a quantitative measure of a
seismic characteristic of interest (Chopra and Marfurt,
2006). Seismic attributes are derivatives of seismic
data. First introduced in the early 1970s, seismic at-
tributes are commonly used in the petroleum industry
for two purposes: (1) to detect depositional elements
(e.g., channels and lobes in planform geometries); and
(2) to predict (usually quantitatively) physical prop-
erties of the reservoir (e.g., porosity) (Hart, 2008).
Seismic amplitude strength is dependent on the
reﬂection of the reﬂector. Anything that can change
this reﬂection coefﬁcient will alter the seismic
amplitude response. The reﬂection coefﬁcient and
hence the seismic amplitude strength is a function ofP-wave velocity and density of the rock, altering the
latter will bring about a change in the former.
Sheared contact
A deformation contact resulting from stresses that
cause a sand body to slide relative to underlying
mudstone in a direction parallel to their plane of
contact.
Shear strength
The maximum shear stress that the soil can with-
stand (Duncan and Wright, 2005).
Sinuosity
Ratio of the length of the channel (or thalweg) to
the down-valley distance.
Sinuous submarine channels
Analogous to sinuous ﬂuvial channels on land,
sinuous submarine channels on the modern deep sea
ﬂoor have been documented (e.g., Amazon Fan,
Damuth et al., 1988).
Slickenside
A polished and striated surface that results from
friction along a fault plane.
Slide
A slide is a coherent mass of sediment that moves
along a planar glide plane and shows no signiﬁcant
internal deformation. Slides represent translational
shear-surface movements. Sandy slides must have
particle or grain (>0.06 mm) concentration value of
20% and above by volume.
Slope stability analyses
A common method for calculating the slope sta-
bility is called the ‘Limit equilibrium analyses’, which
refers to the principle in which a slope is stable if the
resisting forces exceed the driving forces. See Duncan
and Wright (2005).
Slump
A slump is a coherent mass of sediment that moves
on a concave-up glide plane and undergoes rotational
movements causing internal deformation. Slumps
represent rotational shear-surface movements. Sandy
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centration value of 20% and above by volume. The
terms slide and slump are used for both a process and a
deposit.
Slurry ﬂow
Conventionally, many researchers have considered
slurry ﬂows to be debris ﬂows (e.g., Carter, 1975).
Soft-sediment deformation structures (SSDS)
Allen (1984, II, p. 343) provided an accurate ac-
count of soft-sediment deformation in terms of phys-
ics. He states that “Stratigraphical and
sedimentological studies over many years have shown
that soft sediments often become deformed non-
tectonically. The structures induced take myriad
forms and are increasingly called soft-sediment de-
formations. It is clear from ﬁeld evidence, and
consistent with experiment and theory, that they
were formed either during deposition or shortly after
burial started. Certainly most, possibly all, soft-
sediment deformation is associated in time with the
earliest stages of sediment consolidation, when the
deposit is weakest and pore ﬂuid is being expelled
most rapidly. By interrupting the normally gradual
processes of pore ﬂuid expulsion, the actors causing
soft-sediment deformation may also abruptly and
signiﬁcantly enhance that process, provided that pore
ﬂuid is mobilized. For this reason Lowe (1975) cate-
gorized most soft-sediment deformations as water-
escape structures, aqueous environments being
alluded to because it within these that soft-sediment
deformations chieﬂy arise. At the same time, it should
be clearly understood that the mobilization of pore
ﬂuid is generally a consequence of deformation and
seldom the direct cause. Under the circumstances
described, at or close to the sediment-ﬂuid interface,
the only forces available to cause soft-sediment
deformation are weak in ordinary geological terms.
Hence the deposits affected must at the time have
been either liquid-like or solids of insigniﬁcant yield
strength compared to sedimentary rocks...and there
are good reasons for believing that at least liquefac-
tion is signiﬁcant in the production of many kinds of
soft-sediment deformation.” Allen (1984) recognized
the following structures as SSDS:
 Convolute lamination
 Load casts
 Heavy mineral sags
 Passively deformed beds
 Dish structures Folds and sand mounds
 Sheet slumps
 Imbricate structure
 Deformed cross bedding
SSDS are commonly used for recognizing seismicity-
induced deformation in sediments. Seilacher (1969)
classiﬁed such sediments as “seismites”. However, ge-
netic nomenclatures, such as tsunamites, seismites,
etc., are topics of debates (Shanmugam, 2006b, 2017b).
Soil mechanics
Study of the properties and behaviors of soils. Un-
like ﬂuid mechanics and solid mechanics that deal with
end members, soils consist of a heterogeneous mixture
of ﬂuids (usually air and water), particles (usually clay,
silt, sand, and gravel), organic matter, and gases.
Soliton
The term soliton is commonly used as a synonym for
solitary waves (i.e., propagation of non-dispersive
energy bundles through discrete and continuous
media). Although the term soliton is strictly a mathe-
matical solution of a non-linear internal-wave theory,
it has become common practice in the offshore drilling
industry to use the term to describe observations of
large-amplitude nonlinear internal waves in the ocean
(Hyder et al., 2005).
Stratiﬁed ﬂows
Stratiﬁed ﬂows are ﬂows with a basal (laminar)
debris ﬂow and an upper (turbulent) turbidity current.
Similar stratiﬁed ﬂows are classiﬁed as ‘high-density
turbidity currents’ by Postma et al. (1988). In
explaining ﬂoating clasts, Postma et al. (1988) sug-
gested that outsized clasts were dragged along a
rheological interface that developed between the slow
moving “inertia-ﬂow layer” (laminar debris ﬂow)
below and the faster moving turbulent suspension
(turbulent turbidity current) above.
Submarine fan
Fan-shaped deposits in deep-marine environments
(Shanmugam, 2016). The principal elements of sub-
marine fans are canyons, channels, and lobes.
Submarine canyon
A steep-sided valley that incises into the conti-
nental shelf and slope (Shepard and Dill, 1966).
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port from land and the shelf to the deep-sea environ-
ment. Smaller erosional features on the continental
slope are commonly termed gullies; however, there
are no standardized criteria to distinguish canyons
from gullies. Similarly, the distinction between sub-
marine canyons and submarine erosional channels is
not straightforward. Thus, alternative terms, such as
gullies, channels, troughs, trenches, fault valleys, and
sea valleys, are in use for submarine canyons in the
published literature.
Harris and Whiteway (2011), based on ETOPO1
bathymetric grid, compiled the ﬁrst inventory of 5849
separate large submarine canyons in the world's
oceans. They classiﬁed canyons into three basic types:
 Type1: shelf-incising canyons having heads with
connection to a major river or estuarine system,
but they do not incise onto the land;
 Type 2: shelf-incising canyons with no clear
connection to a major river or estuarine system;
and
 Type 3: slope-incising blind canyons with their
heads conﬁned to the continental slope.
Sverdrup (Sv)
It is the basic unit of volume transport of water
used in physical oceanography. 1 Sv = 106 m3 s−1 (one
million cubic meters of water ﬂowing per second). This
unit is named after the late Dr. Harald Sverdrup, Di-
rector of Scripps Institution of Oceanography.
Tidal constituents
They refer to the inﬂuences of the Earth's rotation,
the positions of Moon and the Sun relative to Earth, the
Moon's altitude (elevation) above the Earth's equator,
and bathymetry that together cause tidal changes on
Earth.
Semidiurnal
M2 (Period: 12. 42 hr) Main lunar semidiurnal
S2 (Period: 12. 00 hr) Main solar semidiurnal
N2 (Period: 12. 66 hr) Lunar constituent due to
monthly variation in the Moon's distance
K2 (Period: 11. 96 hr)
Diurnal
K1 (Period: 23. 93 hr) Solar-Lunar constituent
O1 (Period: 25. 82 hr) Main lunar diurnal
constituentTidalite
Deposit of tidal current (Klein, 1971, 1998).
Total stress
The total stress is the sum of all forces, including
those transmitted through particle contacts and those
transmitted through water pressures, divided by the
total area (Duncan and Wright, 2005).
Triggers of sediment failures
A triggering mechanism is deﬁned here as the pri-
mary process that causes the necessary changes in the
physical, chemical, and geotechnical properties of the
soil, which results in the loss of shear strength that
initiates the sediment failure and movement.
Commonly, triggering processes are considered
“external” with respect to the site of failure.
Wieczorek and Snyder (2009, p. 245), for example,
state that “The term landslide trigger refers specif-
ically to an external stimulus, such as intense rainfall,
rapid snowmelt, earthquake, volcanic eruption, or
stream or coastal erosion. These stimuli initiate an
immediate or near-immediate landslide movement by
rapidly increasing shear stresses or porewater pres-
sures, by ground acceleration due to seismic activity,
by removing lateral support, by reducing the strength
of slope materials, or by initiating debris-ﬂow
activity.”
Of the 21 potential triggering mechanisms of sedi-
ment failures, frequent short-term events that last for
only a few minutes to several hours or days (e.g.,
earthquakes, meteorite impacts, tsunamis, tropical
cyclones, etc.) are more relevant in controlling depo-
sition of deep-water sands than sporadic long-term
events that last for thousands to millions of years
(e.g., sea-level lowstands) (Shanmugam, 2012b, 2016).
Tropical cyclone
It is a meteorological phenomenon characterized
by a closed circulation system around a center of low
pressure, driven by heat energy released as moist air
drawn in over warm ocean waters rises and condenses.
Structurally, it is a large, rotating system of clouds,
wind, and thunderstorms (Shanmugam, 2008b). The
name underscores their origin in the Tropics and their
cyclonic nature. Worldwide, formation of tropical cy-
clones peaks in late summer months when water
temperatures are warmest. In the Bay of Bengal,
tropical cyclone activity has double peaks; one in April
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in October and November just after. Cyclone is a
broader category that includes both storms and hur-
ricanes as members. Cyclones in the Northern Hemi-
sphere represent closed counterclockwise circulation.
They are classiﬁed based on maximum sustained wind
velocity as follows (Shanmugam, 2008b):
 Tropical depression: 37e61 km hr−1
 Tropical storm: 62e119 km hr−1
 Tropical hurricane (Atlantic Ocean): >119 km hr−1
 Tropical typhoon (Paciﬁc or Indian Ocean):
>119 km hr−1
The SafﬁreSimpson hurricane scale:
 Category 1: 120e153 km hr−1
 Category 2: 154e177 km hr−1
 Category 3: 178e209 km hr−1
 Category 4: 210e249 km hr−1
 Category 5: >249 km hr−1
Tsunami
Unlike meteorological tropical cyclones, tsunamis
are oceanographic phenomena. A tsunami is a water
wave or series of waves, with long wavelengths and
long periods, caused by an impulsive vertical
displacement of the body of water by earthquakes,
landslides, volcanic explosions, or extraterrestrial
(meteorite) impacts.
Tsunamite
Although the term ‘tsunamite’ is used for deposits
of tsunamis, it is obsolete (Shanmugam, 2006b,
2012b).
Turbidite
Deposit of turbidity current. It is characterized by
normal size grading, sharp base, and gradational top.
Turbidity current
Turbidity current is a sediment-gravity ﬂow with
Newtonian rheology and turbulent state in which
sediment is supported by ﬂuid turbulence and from
which deposition occurs through suspension settling.
Turbulent ﬂow
Irregular ﬂuid motion with macroscopic mixing
across ﬂuid layers. For Newtonian ﬂuids, the criterion
for initiation of turbulence is the Reynolds Number(Re), which is greater than 2000. Turbidity currents are
invariably turbulent in state.
Undrained condition
A condition under which there is no ﬂow of water
into or out of soil in the length of time that the soil is
subjected to some change in load (Duncan and Wright,
2005).
Uniformitarianism
“The present is the key to the past.” The principle
that geologic processes operating today to modify the
Earth's crust have acted in the same manner and in-
tensity throughout geologic time, and that past
geologic times can be explained by phenomena and
forces observable today. The principle is attributed to
James Hutton. He was a native of Edinburgh, Scotland
(3 June 1726e26 March 1797).
After a successful career as a businessman, Hutton
spent nearly 20 years as an amateur geologist before,
in 1785, summarizing his views in Theory of the Earth.
His phrase describing Earth as having “no vestige of a
beginning, no prospect of an end” and related ideas
came to be known as uniformitarianism. The other
major contribution by Hutton was the concept of
erosional unconformities.
Unsteady ﬂow
Temporal changes in velocity through a ﬁxed point
in space.
Upward-thinning cycles
A general decrease in bed thickness vertically up-
ward within a packet of multiple beds. It should not be
confused with “Normal grading” within a single bed.
Upwelling
In certain parts of the world's oceans where Ekman
transport moves nutrient-poor surface waters away
from the coast, surface waters are replaced by
nutrient-rich deep water that moves up from below.
This explanation is applicable to the Northern
Hemisphere.
Waning ﬂow
Unsteady ﬂow in which velocity becomes slower
and slower at a ﬁxed point through time. As a result,
waning ﬂows would deposit successively ﬁner and ﬁner
sediment, resulting in a normal grading.
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Interbedded mud and ripple-cross laminated sand
in which the mud layers overlie ripple crests and ﬁll
the ripple troughs (Reineck and Wunderlich, 1968).
Flaser, wavy, and lenticular beddings are common in
both shallow- and deep-water tidal settings.
Waxing ﬂow
Unsteady ﬂow in which velocity becomes faster and
faster at a ﬁxed point through time.
Wentworth Size Scale
This is a standard scale used by geologists world-
wide for specifying the sizes or diameters of sedi-
mentary particles, ranging from clay (< 1/256 mm) to
boulders > 256 mm).
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